Introduction to management of metastatic melanoma
=================================================

Early-stage melanoma may often be cured by surgery, although later-stage disease is most often fatal. Until 2011, there were only two drugs approved by the US Food and Drug Administration (FDA) including dacarbazine, a chemotherapeutic agent, and aldesleukin, a cytokine therapy, also known as high-dose interleukin (IL)-2. However, since 2011, six drugs have been approved by the FDA for use in unresectable stage III and stage IV melanoma, including three agents targeting the mitogen-activated protein kinase (MAPK) pathway (two BRAF inhibitors and an MEK inhibitor) and three immune checkpoint inhibitors (which block inhibitory molecules on the surface of T lymphocytes). These new therapies have vastly changed the treatment options for patients with advanced-stage disease, and many physicians now question the utility of standard chemotherapy and IL-2 in these patients; however, these clearly still have a role which is discussed herein.

Chemotherapy
------------

The alkylating agent dacarbazine is the only chemotherapy approved by the FDA for melanoma. Multiple prior studies have shown a 15% overall response rate with no survival benefit.[@b1-itt-4-079],[@b2-itt-4-079] Multiple other chemotherapeutic agents have been used in melanoma, including temozolomide, taxanes, and platinum-based agents, all with similarly low response rates. Use of temozolomide is reasonable for patients with metastases affecting predominantly the central nervous system. However, with the recent developments in targeted and immunotherapies for melanoma, chemotherapy is best suited for patients with rapidly growing wild-type BRAF disease or following refractoriness to BRAF blockade.

Targeted therapy
----------------

Approximately 50% of cutaneous melanomas harbor an activating mutation in the *BRAF* oncogene, leading to constitutive activation of the MAPK signaling pathway involved in cellular proliferation and survival.[@b3-itt-4-079] Use of single-agent BRAF blockade with either vemurafenib (Zelboraf^®^, Roche-Genentech, South San Francisco, CA, USA) or dabrafenib (Tafinlar^®^, GlaxoSmithKline, London, UK) results in a progression-free survival benefit of approximately 6 months and an overall survival rate of approximately 13 months.[@b4-itt-4-079],[@b5-itt-4-079] The 6-month progression-free survival benefit is indicative of the ability of melanoma to develop resistance, and studies have shown that *BRAF*-mutated melanoma cells can maintain MAPK signaling through RAF-independent activation of MEK, a kinase downstream of RAF in the MAPK cascade.[@b6-itt-4-079],[@b7-itt-4-079] Multiple additional mechanisms of resistance have also been noted.[@b6-itt-4-079]--[@b13-itt-4-079] Targeting an additional node in the MAPK pathway by combined inhibition of BRAF and MEK (dabrafenib plus trametinib versus dabrafenib alone) achieved a higher overall response rate of 76% versus 54%, as well as a longer median progression-free survival of 9.4 months versus 5.8 months.[@b14-itt-4-079]

Checkpoint blockade
-------------------

Melanoma is known to be immunogenic and is thus the gateway solid tumor malignancy for the development of immunotherapies. Although vaccine strategies and cytokine therapy have a long history of use in melanoma, checkpoint blockade has recently emerged at the forefront of melanoma immunotherapy. Checkpoint blockade makes use of the fact that T-cell activation requires a combination of antigen-specific T-cell receptor activation as well as costimulatory activation from adjacent antigen-presenting cells or neoplastic cells. Checkpoint proteins can be either immune stimulatory or immune inhibitory. The most progress with checkpoint blockade has been achieved with the negative costimulatory molecules, ie, cytotoxic T lymphocyte antigen (CTLA)-4 and programmed death (PD)-1, that limit T-cell activation to provide negative regulatory effects and prevent excess immune activation and development of autoimmunity.[@b15-itt-4-079] Since T-cells in the tumor microenvironment are known to express these negative costimulatory markers, development of monoclonal antibodies to block negative regulation and thus allow for immune system activation has provided the rationale for checkpoint blockade as a cancer therapy.[@b16-itt-4-079]

Two randomized Phase III clinical trials tested the anti-CTLA-4 monoclonal antibody, ipilimumab (Yervoy^®^, Bristol-Myers Squibb, New York, NY, USA), in patients with melanoma. The initial trial randomized 676 patients with pretreated, unresectable stage III or IV melanoma to treatment with either ipilimumab dosed at 3 mg/kg, the HLA-A\*0201-restricted gp100 peptide vaccine, or a combination of ipilimumab and the vaccine. Although the overall response rate to ipilimumab in either treatment arm was low (10.9%), ipilimumab-treated patients had improved overall survival compared with those treated with vaccine alone (10.0 months versus 6.4 months).[@b17-itt-4-079] Similar results were reported in a second randomized controlled trial comparing ipilimumab plus dacarbazine with dacarbazine alone in 502 patients with treatment-naïve advanced melanoma. This study utilized a higher dose of ipilimumab at 10 mg/kg. Response rates were 15% in the group treated with ipilimumab and dacarbazine compared with 10% for the dacarbazine alone arm.[@b18-itt-4-079] Overall survival of ipilimumab-treated patients improved by 2 months compared with the control arm. Recently, a pooled overall survival analysis of eleven different ipilimumab clinical trials showed a 3-year overall survival of 22%, confirming the durability of responses even though the overall response rate are low.[@b19-itt-4-079]

Treatment with ipilimumab is associated with immune-mediated adverse events such as diarrhea or colitis, dermatitis, and pruritus. The dermatitis and pruritus are usually self-limiting and are easily treated with supportive measures; however, development of colitis and colon perforation can be life-threatening if not aggressively treated with steroids. Endocrinopathies, such as hypothyroidism, hyperthyroidism, or hypophysitis, can be appreciated, so there is a long-term requirement for hormonal replacement.[@b17-itt-4-079],[@b18-itt-4-079] Significantly more toxicity is seen with high-dose ipilimumab, with grade 3 or 4 adverse events observed in 56% of patients treated at a dose of 10 mg/kg.[@b18-itt-4-079]

PD-1 blockade using the monoclonal antibodies pembrolizumab (Keytruda^®^, Merck Sharpe and Dohme, Whitehouse Station, NJ, USA) and nivolumab (Opdivo^®^, Bristol-Myers Squibb) has been found to be both safe and effective, leading to approval of both drugs by the FDA in 2014. In a pooled analysis of 411 melanoma patients treated with the anti-PD-1 antibody MK-3475 (pembrolizumab) with over 6 months of follow-up data, the overall response rate was 40% in ipilimumab-naïve patients and 28% in ipilimumab-refractory patients. Median progression-free survival was 24 weeks and median overall survival had not been reached at the time of analysis. Pembrolizumab is very well tolerated, with 12% of patients experiencing a grade 3 or 4 adverse event attributed to the drug, but only 4% of patients having to discontinue treatment due to adverse events.[@b20-itt-4-079] The most commonly appreciated adverse events are fatigue, nausea, and pruritus. Diarrhea and colitis are relatively rare, although fatal cases of pneumonitis have been reported.[@b21-itt-4-079],[@b22-itt-4-079] Pembrolizumab was approved by the FDA in September 2014 for patients with melanoma refractory to ipilimumab and BRAF-directed therapy if applicable. In December 2014, nivolumab received FDA approval for the same indication. The initial Phase I trial enrolled 296 patients with either advanced melanoma or other solid tumors, including non-small cell lung cancer, prostate cancer, renal cell carcinoma, or colorectal cancer. The overall response rate was 28% in the melanoma cohort, with durable responses lasting longer than 1 year in half of responding patients.[@b21-itt-4-079] Nivolumab has also been tested in the first-line setting for patients without BRAF-mutated disease. In one such trial, 418 patients were randomized to either nivolumab or dacarbazine. The overall response rate was 40% in the nivolumab-treated group compared with 14% in the dacarbazine group. The 1-year overall survival rate was 79% for the nivolumab-treated patients and 40% for the dacarbazine-treated patients, with a hazard ratio for death of 0.42.[@b22-itt-4-079]

Combination checkpoint blockade represents a very potent although potentially toxic modality of treatment. In a Phase I trial of 86 patients with unresectable stage III or IV melanoma treated with either concurrent or sequential ipilimumab and nivolumab, concurrent CTLA-4 and PD-1 blockade achieved a higher overall response rate of 40%, with 53% of patients achieving a complete response or partial response at the maximum doses tested, and 31% of responders demonstrating tumor regression of 80% or more, even with bulky disease.[@b23-itt-4-079] Grade 3 or 4 adverse events did occur at a higher frequency than with monotherapy in 53% of patients, but the majority of events were reversible with appropriate supportive management. Further study is necessary to determine the role of this combination in the melanoma treatment landscape.

IL-2 receptor pathways and melanoma
===================================

IL-2 is a central cytokine governing the immune system through pleiotropic effects mediated by promoting expansion of both cytotoxic T-cells (Tconvs) and regulatory T-cells (Tregs). The capacity of IL-2 to promote the suppressive capability of Tregs further confirms the antagonism of its effects.

IL-2 and IL-2R expression
-------------------------

IL-2 is produced by many types of cells, although mainly by activated effector T lymphocytes. The IL-2 receptor (IL-2R), however, is expressed by all T lymphocytes as well as by numerous other types of immune cells. It is composed of three subunits that may be assembled in many combinations, each with its own affinity for IL-2. The α-chain (CD25) is detected mainly on regulatory and effector T-cells, although it may be expressed at lower levels by other cell types, such as endothelial cells, Langerhans cells, and fibroblasts. The β-chain (CD122) is expressed mainly on effector and memory T-cells as well as on natural killer cells. Finally, the γ-chain (CD132) presents an evenly distributed expression pattern in most immune cell types.[@b24-itt-4-079]

The CD25 chain of the IL-2R may bind IL-2 on its own, although this type of binding provides a weak affinity (K~d~ 10^−8^) and results in lack of intracellular signaling.[@b25-itt-4-079] On the other hand, the IL-2R may also be composed of the CD122/CD132 heterodimer, which possesses an intermediate affinity for IL-2 (K~d~ 10^−9^) or by all three subunits for optimal binding (K~d~ 10^−11^).[@b25-itt-4-079] Importantly, the CD122 and CD132 subunits of the IL-2R are the only subunits capable of intracellular signaling.[@b26-itt-4-079],[@b27-itt-4-079]

Signaling pathways
------------------

Signaling through the IL-2R occurs following binding of IL-2 to CD25, which induces a structural change in the CD25 subunit and recruitment of the CD122 and CD132 subunits. This results in optimal binding when all three subunits are coexpressed. Subsequent signaling may occur in one or all of three pathways including phosphatidylinositol-4 5-bisphosphate 3-kinase (PI3K), MAPK, and STAT5.

In the first and second pathways, the CD132 subunit recruits JAK3, which then activates JAK1 in association with CD122. Phosphorylation of tyrosine 338 (Y338) allows recruitment of the adaptor protein SHC, which results in signaling through the MAPK and PI3K pathways and induces proliferation and cell survival signals.[@b28-itt-4-079]--[@b30-itt-4-079]

In the second pathway, phosphorylation of Y392 and Y510 on CD122 recruits the transcription factor STAT5, which causes STAT5-dependent gene synthesis such as expression of the transcription factor FoxP3 and the IL2-Rα subunit CD25 ([Figure 1](#f1-itt-4-079){ref-type="fig"}). Phosphorylation of all three tyrosines (Y338, Y392, Y510) on CD122 is required for optimal T-cell proliferation.[@b30-itt-4-079],[@b31-itt-4-079]

Importantly, IL-2 signaling in Tconvs results in signaling through the STAT5, PI3K, and MAPK pathways, whereas only STAT5 signaling is induced in Tregs due to activation of phosphatase and tensin homolog and subsequent inhibition of the MAPK-PI3K pathway, a feature not present in Tconvs, which rather downregulate phosphatase and tensin homolog upon antigen stimulation. Finally, production of IL-2 induces expression of BLIMP-1, which, in turn, represses production of IL-2, and thus serves as a negative feedback mechanism for secretion of IL-2.[@b32-itt-4-079]

Mode of action
==============

High-dose (HD) IL-2 has been shown to be highly efficacious in improving survival in patients with metastatic melanoma. However, its failures also suggest that immunosuppressive mechanisms may counteract tumor clearance following administration of IL-2.

Antitumor mechanisms
--------------------

IL-2 promotes the activation and expansion of Tconv CD4 and CD8 T lymphocytes through PI3K/MAPK signaling and enhances bcl-2 expression and induction of cyclins required for cell cycle progression and survival.[@b28-itt-4-079] Upon administration of IL-2, CD8 and CD4 T-cells expand exponentially, which further enhances tumor reactivity and clearance and promotes the generation of terminally differentiated CD4 and CD8 Tconvs. IL-2 also controls production of interferon-gamma (IFN-γ), which in turn increases the expression of major histocompatibility complex molecules in the immediate environment and thereby enhances antigen presentation and recognition of tumor cells.[@b33-itt-4-079] In addition to promoting the proliferation and differentiation of effector T lymphocytes, IL-2 has also been shown to induce expression of granzymes A, B, and C, as well as perforin, all of which are proteases that are crucial in mediating the cytotoxic potential of Tconvs in response to tumor antigens.[@b34-itt-4-079] Further, administration of IL-2 promotes generation of both Th1 and Th2 cells via transcription factors Tbet and Gata3,[@b24-itt-4-079] respectively, with a Th1 response being preferable for optimal tumor clearance.[@b35-itt-4-079] Treatment with IL-2 may also result in induction of vascular permeability through activation of endothelial cells. However, this activation is indirect, as it is entirely dependent on the presence of peripheral blood mononuclear cells and thus is likely due to the production of IL-2-induced cytokines, ie, IL-1, tumor necrosis factor, lymphotoxin, and IFN-γ, which affect vascular permeability, as IL-2-activated peripheral blood mononuclear cell supernatants cause endothelial cell activation when isolated.[@b36-itt-4-079] Finally, IL-2 stimulates production of chemokines, such as macrophage inflammatory protein-1β, macrophage chemoattractant protein-1, and granulocyte-macrophage colony-stimulating factor, by monocytes and macrophages early on after infusion,[@b36-itt-4-079] which suggests the main mechanism responsible for the efficacy of IL-2 may lie in activation of monocytes and macrophages and increased recruitment of Tconvs into tumors. This hypothesis is supported by the rapid decrease in circulating T-cells in blood following infusion of IL-2, suggesting that T-cells are homing to tumors since IL-2 does not affect peripheral blood mononuclear cell numbers in vitro.[@b36-itt-4-079]

Protumor mechanisms
-------------------

On the other hand, IL-2 has not been entirely efficacious in combating metastatic melanoma, and is well known to promote development and survival of Tregs. In fact, studies in IL-2R knockouts have demonstrated that, unexpectedly, severe autoimmunity rather than immunosuppression occurs in mice, suggesting that Tregs may be most dependent on IL-2 for survival.[@b37-itt-4-079],[@b38-itt-4-079] To this effect, higher expression of CD25 by Tregs allows better binding and uptake of IL-2 compared with Tconvs, thereby behaving as cytokine sinks and depriving Tconvs of much needed circulating IL-2 concentrations.[@b39-itt-4-079] Finally, the initial expansion of Tconvs following IL-2 exposure may be short-lived, as T-cells responding to IL-2 may undergo apoptosis upon re-encountering their cognate antigen.[@b40-itt-4-079] The short half-life of IL-2 in vivo may further hamper tumor clearance.[@b41-itt-4-079]

All in all, treatment with aldesleukin activates both antitumor and protumor mechanisms and cell types that interact to mediate tumor outcome. Based on the clinical data thus far, it appears that the immunosuppressive mechanisms induced may ultimately dominate IL-2-mediated antitumor responses in the context of metastatic melanoma ([Figure 2](#f2-itt-4-079){ref-type="fig"}).

Clinical efficacy, safety, and tolerability
===========================================

Aldesleukin as a single agent
-----------------------------

The seminal publication describing the efficacy of high-dose IL-2 assessed 270 patients with metastatic melanoma treated in eight separate clinical trials between 1985 and 1993. Doses of 600,000 or 720,000 IU/kg every 8 hours up to 14 doses with courses repeated after a 6--9-day rest were utilized, with a second course being administered every 6--12 weeks in stable or responding patients. The overall response rate was 16%, with 6% of patients achieving a complete response and 10% of patients achieving a partial response. The minimal duration of response for the 10% of partial responders was approximately 5.9 months. The median duration of response was not achieved for the patients who achieved a complete response. The median survival for all 270 patients was 11.4 months, with 15 patients surviving over 5 years at the time of writing. In patients achieving a complete response, the responses were long-lasting, with responses over 40 months in duration observed at the time of writing. Multiple prognostic factors were analyzed, and the only strong correlations were that better responses were more likely in patients with better baseline performance status. The objective response rate was higher in patients who were treatment-naïve, although responses were seen in patients who had received prior systemic chemotherapy or immunotherapy. Treatment responses were appreciated in virtually every organ involved, although responses were less vigorous in patients with hepatic metastases. Durable responses were more likely to be appreciated in patients with lymph node, lung, or skin involvement.[@b42-itt-4-079]

Toxicity
--------

Toxicities from high-dose IL-2 can be severe and life-threatening when improperly managed. Toxicities mimic septic shock, with the appreciation of fevers, chills, hypotension, and tachycardia. In the above-mentioned pooled data from Atkins et al, 2.2% of patients died from treatment-related toxicity, with bacterial sepsis being the major cause of death. Use of prophylactic antibiotics has decreased the rate of bacterial sepsis and has made high-dose IL-2 therapy safer. Although toxicities can be severe, they can usually be anticipated, and vigilant monitoring and aggressive interventions allow for safe drug administration.

Onset of side effects usually occurs within 2 hours after the first dose of therapy, and these include hypotension and tachycardia. Nausea, vomiting, and diarrhea can be appreciated with subsequent doses. Intravascular volume depletion with overall volume overload from capillary leak syndrome is progressive throughout the course of therapy. Approximately 64% of patients experience hypotension; however, grade 4 hypotension is only seen in 1% of patients. Use of vasopressors is common, and the alpha agonist phenylephrine is often useful for pressure support in the setting of tachycardia. Progressive shortness of breath and pulmonary edema can also be seen, and patients often require supplemental oxygen during therapy. Discontinuation of therapy and diuresis is essential for significant pulmonary edema requiring more than 4 L of oxygen. Oliguria usually develops within 8 hours of initiating therapy and can often be managed by fluid boluses. If oliguria does not resolve with administration of 1--1.5 L of crystalloid fluids, use of low-dose dopamine (2 μg/kg/min) should be added to allow for urine output of at least 10--20 mL/hour. Most patients will require diuresis once blood pressure has stabilized while off vasopressors to mobilize fluid accumulated during therapy. Skin toxicities can also be seen, and usually include skin erythema and itching, which requires diligent use of emollient creams. Neuropsychiatric effects can also be appreciated, and vary from mild confusion to frank psychosis. Changes in mental status are short-lived, and symptoms improve with time following the last administration of high-dose IL-2.[@b42-itt-4-079],[@b43-itt-4-079]

Aldesleukin combination regimens
--------------------------------

Biochemotherapy (which combines chemotherapeutic agents, such as dacarbazine or temozolomide, with vinblastine and cisplatin, and the immune stimulators IL-2 and IFN-α) is used adjuvantly for high-risk stage III disease and for treatment in select patients with metastatic melanoma. A limitation is that IL-2 is administered as a 96-hour continuous infusion. This regimen has shown a relapse-free survival benefit over IFN-α in the adjuvant setting and has response rates of 45% in the metastatic setting.[@b14-itt-4-079],[@b44-itt-4-079],[@b45-itt-4-079] However, this regimen is not well tolerated and is associated with significant toxicity. Use of IL-2 in this regimen is hypothesized to lead to long-term survival in a subset of treated patients, with 5-year and 10-year survival rates of 17% and 15%, respectively, in patients with metastatic disease.[@b46-itt-4-079]

In addition to biochemotherapy, IL-2 has been used in combination with other agents such as vaccines. Previous studies using the gp100 peptide vaccine were shown to increase circulating levels of antigen-specific T-cells with cytotoxic capabilities in vitro, thus leading to the hypothesis that concurrent use of vaccine with cytokine stimulation would be additive. A randomized Phase III clinical trial of 185 patients with metastatic melanoma was conducted using high-dose IL-2 alone or high-dose IL-2 with the gp100 HLA-A\*0201-restricted peptide vaccine. Patients receiving the combination therapy had a statistically significant improvement in overall clinical response (16% versus 6%) which was associated with an improvement in overall survival (17.8 months versus 11.1 months). Toxicities were similar in both groups, but patients receiving the vaccine experienced more skin reactions at the injection site and a higher incidence of transient reversible sinus tachycardia and supraventricular tachycardia than patients who received high-dose IL-2 alone.[@b47-itt-4-079]

Another treatment modality incorporating treatment with IL-2 involves the use of adoptive T-cell therapy (ACT). ACT using ex vivo-expanded T-cell clones or tumor-infiltrating lymphocytes (TILs) has been extensively studied in the treatment of metastatic melanoma. For TIL trials, T-cells are isolated from a tumor deposit and amplified in the laboratory setting to potentially billions of cells which are then infused back into the patient following administration of lymphodepleting chemotherapy. IL-2 is a critical component of T-cell expansion in vitro, and is also used via intravenous infusion following administration of TIL to potentiate the survival and persistence of the adoptively transferred T-cells. These regimens produce response rates of approximately 40%--50% and are associated with significant toxicities stemming from the use of lymphodepleting drugs, which make patients vulnerable to infection and bleeding complications as well as the toxicities of aldesleukin.[@b48-itt-4-079]--[@b50-itt-4-079]

It is not known how much of the clinical response to TIL therapy is due to high-dose IL-2, and it is hypothesized that much lower doses of IL-2 would be sufficient to support the transferred T-cells. In an initial Phase I study using non-myeloablative lymphodepleting chemotherapy in combination with adoptively transferred antigen-specific T-cells, three different dosing regimens of IL-2 were utilized, including standard high-dose (720,000 IU/kg intravenously three times a day for a maximum of 12 doses), low-dose (72,000 IU/kg intravenously three times a day for a maximum of 15 doses), or no IL-2. Although there were no objective clinical responses seen in this very early ACT trial, transient tumor reductions were seen in patients who received low-dose IL-2 therapy, thereby showing the feasibility of using lower doses of IL-2 in conjunction with ACT.[@b51-itt-4-079]

A novel Phase I study investigated adoptively transferred CD8^+^ T-cell clones targeting tumor-associated antigens MART-1, MelanA, and gp100 in patients with metastatic melanoma. In this trial, four infusions of autologous T-cell clones were administered with or without IL-2 for the first infusion, and then graduated levels of low-dose IL-2 at 0.25, 0.50, and 1×10^6^ units/m^2^ daily for the second, third, and fourth infusions, respectively. This study demonstrated the ability of the T-cell to track into the tumor, to persist in response to low-dose IL-2, and to produce minor responses or stable disease lasting up to 21 months in eight of ten treated patients. The median survival of transfused T-cells was significantly improved by administration of IL-2 compared with no administration of IL-2; however, the persistence of T-cells was not increased over what was seen with administration of the lowest dose of IL-2. The T-cell infusions and low-dose IL-2 were well tolerated with no observed grade 3 or 4 toxicity.[@b52-itt-4-079]

A small pilot study in Denmark tested the feasibility of substituting high-dose IL-2 with low-dose subcutaneous IL-2 in the setting of TIL therapy for patients with previously treated metastatic melanoma. In this study, standard fludarabine and cyclophosphamide non-myeloablative lymphodepleting chemotherapy and autologous TIL were infused as per established protocols.[@b48-itt-4-079],[@b49-itt-4-079] Instead of using high-dose IL-2, low-dose subcutaneous IL-2 (2 million IU subcutaneously daily for 14 days) was administered, starting on the evening of TIL infusion. Six patients were treated with this regimen and partial responses were seen in two patients, two patients progressed, and two patients maintained stable disease. The median time to progression for the six patients was 8.2 months and overall survival was 12 months, with two having ongoing complete responses. The toxicity associated with this regimen was largely attributable to the lymphodepleting chemotherapy, including complications from pancytopenia. Low-dose IL-2 was well tolerated, and all planned injections were administered without any dose reductions required. Side effects associated with the injections included fever, chills, nausea, and fatigue, although none of these exceeded grade 2 toxicity. Although the response rates and duration of response were low compared with results seen in TIL trials using high-dose IL-2, it should be noted that the average amount of infused T-cells was only 26 billion per patient.[@b53-itt-4-079] It is established that higher absolute number of infused T-cells correlates with improved clinical outcomes, so it is feasible that the relatively poor outcomes in this study correlated more with T-cell expansion than with low-dose IL-2.[@b49-itt-4-079]

Ongoing clinical trials
-----------------------

There are numerous ongoing clinical trials using IL-2 in varying doses in combination with additional agents, as described in [Tables 1](#t1-itt-4-079){ref-type="table"} and [2](#t2-itt-4-079){ref-type="table"}. While most trials are using aldesleukin in combination, there is an ongoing prospective registry study documenting the efficacy and toxicity of aldesleukin as a single agent for metastatic renal cell cancer and melanoma (NCT01415167). Additionally, the IL-2 SELECT trial is a prospective tissue and blood collection study for identification of biomarkers predictive of response or treatment failure (NCT01288963) which may help aldesleukin to remain as a viable option for treatment of melanoma patients, even with the recent developments in both targeted and immunotherapies.

Patient considerations: quality of life, acceptability, and adherence
=====================================================================

The toxicity of high-dose IL-2 is severe but predictable. Administration of this therapy should be restricted to treatment centers with high volume and clinical expertise. Patient eligibility for aldesleukin therapy should be restricted to those with excellent performance status (Eastern Cooperative Oncology Group 0--1) and excellent lung and cardiac function as determined by pretreatment pulmonary function tests and cardiac stress tests, respectively. Treated patients require cardiac monitoring and vigilant monitoring of clinical status in the inpatient setting. Vital signs, urine output, and mental status must be assessed prior to each dose. Adherence to the regimen is generally good, given that it usually requires week-long inpatient hospital stays. Quality of life is reasonable for patients, because the toxicities are experienced during the inpatient stay, during which maximal medical management is available. Most toxicities resolve within 72 hours of the last dose, and patients are usually able to be discharged from hospital within 72 hours of completing their last dose.

A significant benefit of this form of therapy is the short duration of the regimen and the potential for long-term disease control or complete responses in a small subset of patients. This is in contrast with targeted therapy, where response rates are high but durability of responses is quite limited. Ipilimumab, a checkpoint inhibitor, also entails a short course of therapy (four doses over 12 weeks), but side effects may be long-lasting in comparison with the toxicities observed with IL-2. Other checkpoint inhibitors currently approved for the treatment of melanoma, ie, pembrolizumab and nivolumab, must be given continuously every 3 weeks and 2 weeks, respectively.

Conclusion: place in therapy
============================

Aldesleukin as a single agent remains a viable treatment approach for medically fit patients with metastatic melanoma. However, its use is now much more limited in light of the expertise required for its administration and the availability of other regimens for therapy. The 2013 Society for Immunotherapy of Cancer consensus statement on tumor immunotherapy for the treatment of cutaneous melanoma recommends aldesleukin as first-line therapy for patients with good performance status regardless of BRAF mutational status.[@b54-itt-4-079] However, recent progress in the development of targeted therapies and checkpoint blockade for metastatic melanoma makes it prudent to re-evaluate the role of this therapy within the changing landscape of treatment for melanoma. Checkpoint blockade can be administered in the outpatient setting with significantly less toxicity (especially in the case of PD-1-directed therapies), and preliminary evidence suggests that these agents can also produce durable responses. Additionally, there is no clear biomarker of response to aldesleukin, making it difficult to predict the group of patients who will respond favorably to this form of therapy. Identification of biomarkers is essential, and collection of critical baseline tumor and blood samples for the currently accruing IL-2 SELECT trial is taking place. Until there is a better understanding of which group of patients will derive the most benefit from aldesleukin, we believe that only young, medically fit patients with excellent performance status and limited disease burden (lymph node, soft tissue, limited lung metastases) should receive this therapy in the first-line setting, regardless of BRAF mutational status ([Figure 3](#f3-itt-4-079){ref-type="fig"}). Due to the safety and ease of administration, it can be argued that checkpoint blockade should be offered in the first-line setting for this group of patients as well, and we have noted that more providers at our institution favor first-line administration of checkpoint blockade over aldesleukin.

Exploration of alternative dosing strategies and aldesleukin-based combinations should be the priority in moving forward, as IL-2 remains an important agent to consider, particularly in combination with other strategies. Alternate dosing strategies are being utilized in ACT trials, and may provide a better understanding of the actual dose required for successful T-cell persistence. Additional research is clearly needed to identify those patients likely to respond to IL-2, and insights should be gained from ongoing clinical trials. However, added translational research will help to further define the role of IL-2, either as monotherapy in select patients or in combination with other strategies, and such studies are currently underway. Overall, this research will add to the body of knowledge to help improve treatment options for patients with melanoma.
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![IL-2R signaling triggers three distinct pathways. The IL-2R is comprised of three subunits that may be assembled in three different combinations (top left). The low affinity form contains only CD25 (IL-2Rα), the intermediate affinity form contains subunits CD122 and CD132 (IL-2Rβ and IL-2Rγ), and the high affinity form contains subunits CD25, CD122, and CD132. Importantly, signaling occurs through the CD122 and CD132 subunits. Upon binding to IL-2, the IL-2R recruits JAK1 and JAK3, which cause downstream signaling through the STAT5, phosphatidylinositol-4 5-bisphosphate 3-kinase, or mitogen-activated protein kinase pathways and result in expression of the FoxP3 transcription factor, or proliferation signals.\
**Abbreviations:** IL-2, interleukin-2; IL-2R, interleukin-2 receptor.](itt-4-079Fig1){#f1-itt-4-079}

![IL-2 therapy promotes both immune activation and immune suppression in melanoma tumors. The tumor microenvironment is highly immunosuppressive and can contain limited amounts of infiltrating T lymphocytes (left). Upon treatment with IL-2 (right), effector T-cells are expanded and recruited into tumors, along with regulatory T-cells that bind IL-2 more efficiently and thus deplete it from the microenvironment. IL-2 also results in activation of monocytes and increases in production of interferon-gamma, which may result in increased antigen presentation and recognition of tumor cells by infiltrating T-cells. Finally, IL-2 causes increases in granzymes A, B, and C, as well as in perforin, which allow for better cytotoxicity against tumor cells upon recognition by antigen-specific T-cells. IL-2 therapy has also been shown to be associated with increased vascular leakage, a side effect linked to both efficacy and toxicity of IL-2 therapy.\
**Abbreviations:** IL-2, interleukin-2; MHC, major histocompatibility complex.](itt-4-079Fig2){#f2-itt-4-079}

![First-line therapy options for patients with metastatic melanoma. The treatment algorithm is stratified by BRAF mutation analysis result, patient performance status, and disease burden.\
**Abbreviations:** CNS, central nervous system; IL-2, interleukin-2; PS, performance status.](itt-4-079Fig3){#f3-itt-4-079}
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Ongoing clinical trials using high-dose interleukin-2

  Trial description                                               ClinicalTrials.gov identifier
  --------------------------------------------------------------- -------------------------------------------------------
  Vemurafenib + HD IL-2                                           NCT01683188
                                                                  NCT 01754376
  Ipilimumab + HD IL-2                                            NCT02203604[\*](#tfn1-itt-4-079){ref-type="table-fn"}
  Ziv-aflibercept + HD IL-2                                       NCT01258855
  Ipilimumab and HD IL-2 sequence (PROCLIVITY 02)                 NCT01856023
  TIL + HD IL-2                                                   NCT00338377
                                                                  NCT01955460
                                                                  NCT01740557
                                                                  NCT01814046
                                                                  NCT01993719
                                                                  NCT01807182
                                                                  NCT01701674
  T-cell receptor targeting NY-ESO-1 + HD IL-2                    NCT02062359
  T-cell receptor targeting MAGE-A3 + HD IL-2                     NCT02153905
  Randomized Phase III study of ipilimumab versus TIL + HD IL-2   NCT02278887

**Note:**

Study is not yet open to patient accrual.

**Abbreviations:** HD, high-dose; IL-2, interleukin-2; TIL, tumor-infiltrating lympho cyte.

###### 

Ongoing or planned clinical trials using alternative interleukin-2 dosing strategies

  Trial description                                                          ClinicalTrials.gov identifier                           Alternative IL-2 dosing
  -------------------------------------------------------------------------- ------------------------------------------------------- --------------------------------------------------------------------------
  Vemurafenib + IL-2 and IFN                                                 NCT 01603212                                            Continuous 96-hour infusion (Phase I, doses of IL-2 vary)
  Ipilimumab + biochemotherapy                                               NCT 01409174                                            Continuous 96-hour infusion (Phase I, doses of IL-2 vary)
  Adjuvant IL-2 anddacarbazine                                               NCT00553618                                             12 million units subcutaneous on days 1--4 monthly
  Cellular adoptive therapy using autologous CD8^+^ T-cells and ipilimumab   NCT02027935[\*](#tfn3-itt-4-079){ref-type="table-fn"}   250,000 U/m^2^ subcutaneously twice daily for 14 days
  CAR T-cell receptor targeting VEGFR2                                       NCT01218867                                             LD bolus 72,000 IU/kg every 8 hours, maximum 15 doses
  TIL + LD IL-2                                                              NCT01883323^\*^                                         125,000 IU/kg subcutaneously for 2 weeks (2 days rest between each week)

**Note:**

Study is not yet open to patient accrual.

**Abbreviations:** IFN, interferon; LD, low-dose; IL-2, interleukin-2; TIL, tumor-infiltrating lymphocyte; VEGFR 2, vascular endothelial growth factor receptor-2; CAR, chimeric antigen receptor.
